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Overview 

!   CERES Background and Overview 

!   Current Instrument Status 

!   CERES Data Products 

!   Data Release Schedule 

!   CERES Subsetting and Data Distribution 

!   Example Usage 
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Clouds and Earth’s Radiant 
Energy System (CERES) Overview 

!   CERES Objective: To produce a long-term record of radiation budget 
from the top-of-atmosphere (TOA), within atmosphere and at the 
surface with consistent cloud and aerosol properties at climate 
accuracy 

!   The CERES Instrument is a 3-channel scanning radiometer designed 
to measure Earth’s reflected solar and emitted thermal radiation as 
fluxes at the top of the atmosphere.   

!    Currently CERES fuses data from 11 instruments on 7 spacecraft, all 
integrated to obtain climate accuracy in the top and bottom radiative 
fluxes.   
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Orbits 
705 km altitude, 10:30 a.m. descending node (Terra) or 
1:30 p.m. ascending node (PM-1), sun-synchronous, near-
polar; 350 km altitude, 35o inclination (TRMM) 

Spectral 
Channels 

Solar Reflected Radiation (Shortwave): 0.3 - 5.0 µm 
Window: 8 - 12 µm 
Total: 0.3 to > 100 µm 

Swath 
Dimensions Limb to limb 

Spatial 
Resolution 20 km at nadir (10 km for TRMM) 

Mass 45 kg 

Size 60 x 60 x 70 cm (deployed) 

Design Life 6 years 

Base 

Pedestal 

MAM 
Baffles 

Sensors: 
Total, IR Window, Shortwave 

Azimuth 
Axis 

Elevation 
Axis 

Main 
Electronic
s 

Alignment 
Cube 



CERES and ERB CARS 

!   ERB CARS is an element of the NPP Science Data Segment, 
and receives NPP data from the Land Product Evaluation and 
Test Element (PEATE) at GSFC. 

!   ERB CARS objective: to extend the CERES climate record using 
data from the FM5 instrument on NPP 

!   CERES Flight Model 5 is the 6th CERES instrument to fly (PFM – 
TRMM, FM1-2 Terra, FM3-4 Aqua) 
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Primary CERES Climate Data 
Records 

Reflected 
Solar Energy 

Emitted 
Thermal 
Energy 



Reflected from 
Cloudy Regions

-79

Reflected by 
Atmosphere

Reflected from 
Clear Regions

-21

Reflected  
at Surface

-24

Absorbed 
at Surface

163

Absorbed by 
Atmosphere

77

Sensible 
Heat
-21

Latent 
Heat
-88

Emitted from 
Clear Regions

-104

Surface 
Emission

-398

Absorbed 
at Surface

344

-136

Emitted from 
Cloudy Regions

     221

Atmosphere 
LW cooling

-186

Outgoing LW 
Radiation

-240

Incoming Solar 
Radiation

340

Reflected 
Solar 

Radiation
-100

Surface Imbalance 0.5

TOA Imbalance 0.5

Radiative Effect of Clouds 
            SW      LW        NET 
TOA     -47       26           -21 
ATM       4        -4               0 
SFC      -51       30           -21 

Emitted from 
Clear Regions

123

Earth’s Energy Budget 



Comparison of CERES net TOA flux and Upper Ocean Heating Rates 
- Apparent inconsistencies after 2004 

between short-term variations in ocean 
heating rate from in situ ocean heat 
content data and net TOA flux from 
CERES cast doubt on our ability to 
account for flows of energy in the climate 
system. 

- Lack of closure has given rise to the idea 
of “missing energy” in the climate system.  
(Trenberth & Fasullo, Science 2010)  

- Reduction in ocean heating rate claimed in 
TF10 is not statistically robust and occurs 
during the XBT to Argo transition, a period of 
large uncertainty. 

- During the past decade Earth has been 
accumulating energy at the rate 0.51±0.43 
Wm-2. 

- Combined use of CERES and in-situ ocean 
heating rate provides accurate observations 
of Earth’s planetary imbalance over a range 
of spatial and temporal scales.  

(Loeb et al., Nature Geoscience 2011)  



Science 
Data 

Management 
Team 
(DMT) 

Atmospheric 
Sciences 

Data Center 
(ASDC) 

•  Implements algorithms 
•  Maintains software 
•  Verifies data 
•  Assists in validation 
•  Provides CM and 
  documentation support 

•  Ingests data 
•  Places operational 
    software in production 
•  Produces data sets 
•  Distributes data sets 
•  Archives data 
•  Provides User  

Services 

• Cal/Val  
• Derives & refines  
     algorithms 
•  Validates algorithms 
•  Validates CERES data  
     sets 
•  Writes Quality Summary 

Algorithm Development     Algorithm Implementation               Data Processing  

CERES Organization 



First CERES FM5 Images 
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FM-5 History to Date 
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FM-5 Gain Performance 
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CERES FM-5 Validation 
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CERES FM-5 Validation 
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CERES FM-5 Validation 
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Suomi NPP CERES FM-5 
Instrument Conclusions 

!   FM-5 continues to operate nominally. 

!   No instrument performance anomalies to date. 

!   The intensive cal/val campaign has completed for CERES FM-5. 

!   Assessment of the on-orbit spatial, spectral, temporal, and 
radiometric performance is nearing completion. 
•  Initial results demonstrate flight performance is within 

expected bounds. 

!   Final delivery of updated calibration coefficients by 7/1 

!   Long-Term monitoring period has begun. 

!   Special operations to support intercomparison of CERES 
instruments on NPP, Terra and Aqua have commenced. 
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CERES Data Processing Flow 

Bidirectional Scans (BDS – level 1)  
and ERBE-like Stream 

ES8 (level 2) 
ES4 (level 3) 
ES9 (level 4) 



CERES Data Products (ERBE-like) 

Product Stream Product Name Level Description 

Instrument BDS 1B 

CERES geolocated and 
calibrated TOA filtered SW, 
TOT, and WN radiances for  
views of space, internal 
calibration, solar calibration and 
Earth.    

ERBE-like 

ES8 2 CERES observed TOA fluxes 
using original ERBE algorithms. 
For comparisons between 
CERES & ERBE data.  ES8 
hour products footprint 
resolution.  ES9 instantaneous 
gridded and ES4 gridded 
temporal averaged 

ES9 3 
ES4 3 
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CERES Data Processing Flow 

Single Footprint & CRS Data 
Products 

SSF 
CRS 
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Product Stream Product Name Level Description 

SSF (Single 
Scanner 
Footprint) 

SSF 2 

CERES observed TOA fluxes, 
parameterized surface fluxes, and 
imager-derived cloud and aerosol 
properties. 

SSF1deg-Hour 3 

Instantaneous TOA and 
parameterized surface fluxes and 
cloud/aerosol properties averaged 
onto a regular 1° equal-area grid and 
sorted by local hour.  

SSF1deg-Day 3 

CERES observed, temporally 
interpolated, daily, 1° equal-area, 
zonal and global averages of TOA 
fluxes and imager-derived clouds 
and aerosol properties.     

SSF1deg-Month 3 Same as SSF1deg-Day but 
averaged over an entire Month 

CERES Data Products (SSF) 



Data Products (CRS) 
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Product Stream Product Name Level Description 

CRS (Cloud 
Radiative Swath) 

CRS 2 Computed flux from 4-stream radiative 
transfer model and cloud/aerosol 
properties 

CRS1deg-Hour 3 Instantaneous computed fluxes and 
cloud/aerosol properties averaged 
onto a 1° equal-area grid and sorted 
by GMT hour.   



CERES Data Processing Flow 



CERES Data Products 
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Product Stream Product Name Level Description 

SYN (Synoptic) 

SYN1deg-3Hour 3 GEO enhanced CERES temporally 
interpolated 3-hourly average 1° 
equal-area TOA fluxes, imager/GEO 
cloud and imager aerosol properties.   

SSF1deg-Day 3 Same as SYN1deg-3Hour but for daily 
averages. 

SYN1deg-Month 3 Same as SYN1deg-3Hour but for 
monthly averages 

SYN1deg-M3Hour 3 Same as SYN1deg-3Hour but for 
hourly averages.  

EBAF 4 

1° equal-area monthly mean CERES 
TOA fluxes optimally constrained by 
the net TOA flux imbalance derived 
from ocean heat content data.   



Tentative Data Release Milestones 

!   Covers open + 228 days (~ Sept, 2012) public release Edition1-
CV BDS, ES8, ES9 & ES4 products 

!   Covers open + 452 days (~ April 2013) public release 
reprocessed Edition 2 BDS, ES8, ES9 & ES4  

!   Covers open + 530 days (~ June 2013) public release SSF 
(pending VIIRS availability) 

!   Covers open + 659 (~ Nov 2013) days public release SSF1deg-
Hour with other gridded level 3 and 4 products to follow 
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CERES Data Subsetting Tool 
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Link to 
Data 
access 
and 
subsetting 

http://ceres.larc.nasa.gov 



CERES subsetter product selection page 



EBAF-surface parameter selection 

EBAF-surface temporal selection 

EBAF-surface spatial selection 

Select station 
Site can be as small as 1°by1° lat/lon or large as the globe 



Surface SWdown for site, 2000-2010 Surface SWdown for site, 
deseasonalized 

Site Analysis Toolbar 
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April 2000 



Google Earth Display 



Level2 (20 km resolution) display, 6 GMT, March 2006 

Thumbnail hourly selection for each day 

Location on Google Earth 

6 GMT, TOA LW 6 GMT, Satellite viewing angle 



Product Stewardship 

!   Pre-Flight ATBDs for all CERES algorithms available on web 
http://ceres.larc.nasa.gov/atbd.php 

!   Post PFM Launch algorithm updates maintained in journal 
articles and Data Quality Summaries 
•  Science Team decision 
•  Science community peer reviews articles 
•  DQS distributed with data download 
•  Algorithm updates posted in journal articles and referenced on 

CERES website 
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http://ceres.larc.nasa.gov/documents/publications/pdfs/CERES_Pubs_2010-1993.pdf 
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Example Application: Energy 
Monitoring with RETScreen Plus 

Objective: Enable “users to monitor, 
analyze and report key energy 
performance data to facility 
operators, managers and senior 
decision-makers.” 

Usage:  
1.  Determine & obtain building 

energy and meteorological 
information for any location in 
world 

2.  Use multivariate analysis to 
determine system performance 
as a function of meteorological 
variability  

3.  Monitoring building energy 
performance for system 
changes, target higher 
efficiency and reporting 
verification 



Energy Monitoring and Targeting Case:  
NASA LaRC Badge and Pass Office 

Example Kiosk 
display output 
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Use RETScreen 
Plus & NASA 
solar data to 
assess solar 
energy 
production  



Step 3: Cumulative differences in 
output relative to system function 
shows noise but performance steady. 

Step 1: LaRC based 
CERES FLASHFlux 
project surface solar flux 
(blue) vs. Solar Panel 
Electrical Output (green) 
gives excellent 
correlation. 

RETScreen Plus Tool 

Step 2: Regression relationship 
defines the system as a function of 
available solar energy 

Total Energy = 59,000 kWhr, 
18% greater than specified 

Monitoring and Targeting Case:  
NASA LaRC Badge and Pass Office 
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CERES Conclusions 

!   Suomi NPP CERES FM-5 instrument working within expected 
specifications => validation & intercomparison continuing 

!   Calibration constant delivery and thus data product delivery goals 
on schedule. 

!   Level 3 & 4 (gridded and optimized TOA and surface radiative 
flux data products expected at end of 2013) 

!   CERES has new data subsetting capability that will help with 
browsing and downloading subsetted data sets. 
•  Currently working with Aqua/Terra 
•  Will be extended to NPP CERES upon when available 

consistent with other NPP data distribution requirements 

!   Applications with CERES are expanding taking advantage of the 
10+ years of surface radiative parameters and extended near-
real time data products. 
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